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1
LIQUID CRYSTALLINE MEDIUM

The present invention relates to a liquid crystalline
medium, to 1ts use for electro-optical purposes, and to dis-
plays containing this medium.

Liquid crystals are used principally as dielectrics in display
devices, since the optical properties of such substances can be
modified by an applied voltage. Electro-optical devices based
on liquid crystals are extremely well known to the person
skilled 1n the art and can be based on various effects.
Examples of such devices are cells having dynamic scatter-
ing, DAP (deformation of aligned phases) cells, guest/host
cells, TN cells having a twisted nematic structure, STN (su-
pertwisted nematic) cells, SBE (super-birefringence efiect)
cells and OMI (optical mode interterence) cells. The com-

monest display devices are based on the Schadt-Helirich
elfect and have a twisted nematic structure.

The liquid crystal materials must have good chemical and
thermal stability and good stability to electric fields and elec-
tromagnetic radiation. Also, the liquid crystal materials

should have low viscosity and produce short addressing times
and high contrast in the cells.

They should furthermore have a suitable mesophase, for
example a nematic or cholesteric mesophase for the above-
mentioned cells, at the usual operating temperatures, 1.e. in
the broadest possible range above and below room tempera-
ture. Since liquid crystals are generally used as mixtures of a
plurality of components, 1t 1s important that the components
are readily miscible with one another. Further properties,
such as the electrical conductivity, the dielectric anisotropy
and the optical anisotropy, have to satisly various require-
ments depending on the cell type and area of application. For
example, materials for cells having a twisted nematic struc-
ture should have positive dielectric anisotropy and low elec-
trical conductivity.

For example, for matrix liquid crystal displays with inte-
grated non-linear elements for switching individual pixels
(MLC displays), media having large positive dielectric
anisotropy, broad nematic phases, relatively low birelrin-
gence, very high specific resistance, good UV and tempera-
ture stability and low vapour pressure are desired.

Matrix liquid crystal displays of this type are known. Non-

linear elements, which can be used for individual switching of

the individual pixels are, for example, active elements (1.¢.
transistors). The term “active matrix” 1s then used, where a
distinction can be made between two types:

1. MOS (metal oxide semiconductor) or other diodes on a
silicon water as substrate.

2. Thin-film transistors (ITF1s) on a glass plate as substrate.
The use of single-crystal silicon as substrate matenal

restricts the display size, since even modular assembly of

various part-displays results in problems at the joins.

In the case of the more promising type 2, which is pre-
terred, the electro-optical effect used i1s usually the TN effect.
A distinction 1s made between two technologies: TFTs com-
prising compound semiconductors, such as, for example,
CdSe, or TFTs based on polycrystalline or amorphous sili-
con.
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The TFT matrix 1s applied to the 1inside of one glass plate of 60

the display, while the other glass plate carries the transparent
counterelectrode on its inside. Compared with the size of the
pixel electrode, the TEFT 1s very small and has virtually no
adverse effect on the image. This technology can also be
extended to tully colour-capable displays, in which a mosaic
of red, green and blue filters 1s arranged 1n such a way that a
filter element 1s opposite each switchable pixel.

65

2

The TFT displays usually operate as TN cells with crossed
polarisers in transmission and are 1lluminated from the back.

The term MLC displays here covers any matrix display
with integrated non-linear elements, 1.e., besides the active
matrix, also displays with passive elements, such as varistors
or diodes (MIM=metal-insulator-metal).

MLC displays of this type are particularly suitable for TV
applications (for example pocket TVs) or for high-informa-
tion displays for computer applications (laptops) and 1n auto-
mobile or aircrait construction. Besides problems regarding
the angle dependence of the contrast and the response times,
difficulties also arise 1n MLC displays due to insuificiently

high specific resistance of the liquid crystal mixtures [TO-

GASHI S., SEKIGUCHI, K., TANABE, H., YAMAMOTO,
E., SORIMACHI K., TAJ IMA, E., WATANAB =, H.,
SHIM ZU, H., Proc. Eurodlsplay 84, September 1984 A
210-288 Matrlx LCD Controlled by Double Stage Diode
Rings, p. 141 11, Paris; STROMER, M., Proc. Eurodisplay 84,
September 1984: Design of Thin Film Transistors for Matrix
Addressing of Television Liquid Crystal Displays, p. 145 1f,
Paris]. With decreasing resistance, the contrast of an MLC
display deteriorates, and the problem of after-image elimina-
tion may occur. Since the specific resistance of the liquid
crystal mixture generally drops over the life of an MLC
display owing to interaction with the interior surfaces of the
display, a high (1nitial) resistance 1s very important in order to
obtain acceptable service lives. In particular in the case of
low-volt mixtures, 1t was hitherto impossible to achieve very
high specific resistance values. It 1s furthermore important
that the specific resistance exhibits the smallest possible
increase with increasing temperature and after heating and/or
UV exposure. The low-temperature properties, in particular
the so-called “low temperature stability” (LTS) of the mix-
tures from the prior art are also particularly disadvantageous.
It 1s demanded that no crystallisation and/or smectic phases
occur, even at low temperatures, and the temperature depen-
dence of the viscosity 1s as low as possible. The MLC displays
from the prior art thus do not meet today’s requirements.

There thus continues to be a great demand for MLC dis-
plays having very high specific resistance at the same time as
a large working-temperature range, short response times even
at low temperatures which do not have these disadvantages,
or only do so to a reduced extent.

In TN (Schadt-Helirich) cells, media are desired which
tacilitate the following advantages 1n the cells:

extended nematic phase range (1n particular down to low

temperatures )

the ability to switch at extremely low temperatures (out-

door use, automobile, avionics)

increased resistance to UV radiation (longer service life).

The media available from the prior art do not allow these
advantages to be achieved while simultaneously retaining the
other parameters.

In the case of supertwisted (STN) cells, media are desired
which enable greater multiplexability and/or lower threshold
voltages and/or broader nematic phase ranges (1n particular at
low temperatures). To this end, a further widening of the
available parameter latitude (clearing point, smectic-nematic
transition or melting point, viscosity, dielectric parameters,
clastic parameters) 1s urgently desired.

For TV and monitor applications, media are desired which
have a fast response time and a low threshold voltage, fur-
thermore a good low temperature stability are required. Also,
depending on the thickness of the switchable LC layer, a high
birefringence may be required.

The present mvention thus has the object of providing

media, 1 particular for MLC, TN or STN displays of this
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type, which do not have the above-mentioned disadvantages
or only do so to a reduced extent, and preferably simulta-
neously have a high clearing point and a low rotational vis-
cosity, and further preferably exhibit fast switching times,
high specific resistance, low threshold voltage, and an
improved LTS.

It has now been found that this object can be achieved it

media according to the invention are used in displays.
The present mvention thus relates to a liquid crystal
medium containing one or more compounds of formula I,

AH)-O-O—)~

wherein

R' and R* are independently of one another an alkenyl or
alkenyloxy group having from 2 to 9 carbon atoms.

In the pure state, the compounds of formula I are colourless
and form liquid crystalline mesophases 1n a temperature
range which 1s favourably located for electro-optical use.
They are stable chemically, thermally and to light.

R' and R® in formula I are preferably unsubstituted
straight-chain alkenyl having from 2 to 9, especially preferred
2,3, 4 or 5 C-atoms.

Especially preferred compounds of formula I are those
selected of the following formulae

Rlﬂ
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the outer plates, and a nematic liquid crystal mixture of posi-
tive dielectric anisotropy and high specific resistance which 1s
located 1n the cell) which contain media of this type, and to the
use of these media for electro-optical purposes. The mixtures
according to the invention are also suitable for IPS (1n plane
switching) applications, OCB (optically controlled birefrin-
gence) applications, FFS (Fringe Field Switching) applica-
tions, VA (vertical alignment) applications.

The liqud crystal mixtures according to the mmvention
enable a significant widening of the available parameter lati-
tude. Especially, 1t was found that by using liquid crystal
mixtures comprising compounds of formula I, 1t 1s possible to
obtain mixtures having a low rotational viscosity and fast
switching time, whilst maintaining a high clearing point.

The achievable combinations of clearing point, rotational
viscosity v,, low optical anisotropy An and dielectric anisot-
ropy A€ are far superior to previous materials from the prior
art.

The requirement for a high clearing point, a nematic phase
at low temperature and a high positive A& has hitherto only
been achieved to an 1nadequate extent. Although there are
prior art mixtures, like for example MLC-6424, that have

high positive A&, they only have a low value of the clearing

point and a high value for the rotational viscosity v,. Other
mixture systems have good flow viscosities v,, and A& val-
ues, but only have clearing points in the region of 60° C.

The liquid crystal mixtures according to the invention,
while retaining the nematic phase down to —20° C., preferably
down to —30° C. and particularly preferably down to —40° C.,
enable clearing points above 65° C., preferably above 75° C.

I1

OO0\,

12

/< )—O- O )
“~_ /<)~ O- O )~ s~

wherein

R'“ and R** are independently of each other H, CH,, C,H.
or n-C;H-.

Especially preferred are compounds wherein R'“ and R*“
are selected from H or CH,,, in particular wherein R'“ and R*“
are H, most preferably those of formula 11, wheren
R'"—=R**—H.

The compounds of formula I are prepared by methods
known per se, as described in the literature (for example 1n the
standard works, such as Houben-Weyl, Methoden der orga-
nischen Chemie [Methods of Organic Chemistry], Georg-
Thieme-Verlag, Stuttgart), to be precise under reaction con-
ditions which are known and suitable for the said reactions.

Use can also be made here of variants which are known per se,
but are not mentioned here 1n greater detail.

The mvention also relates to electro-optical displays (in
particular STN or MLC displays having two plane-parallel
outer plates, which, together with a frame, form a cell, inte-
grated non-linear elements for switching individual pixels on

I3
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and particularly preferably above 80° C., simultaneously
dielectric anisotropy values A& of =3.0, preferably =4.5,
and a high value for the specific resistance to be achieved,
enabling excellent STN and MLC displays to be obtained. In
particular, the mixtures are characterised by low operating,
voltages. The TN thresholds are below 2.5 V, preferably
below 2.1V, particularly preferably below 2.0V,

It goes without saying that, through a suitable choice of the
components of the mixtures according to the invention, 1t 1s
also possible for higher clearing points (for example above
110°) to be achieved at a higher threshold voltage or lower
clearing points to be achieved at lower threshold voltages
with retention of the other advantageous properties. At vis-
cosities correspondingly increased only slightly, 1t 1s likewise
possible to obtain mixtures having greater A& and thus lower
thresholds. The MLC displays according to the invention
preferably operate at the first Gooch and Tarry transmission
minimum [C. H. Gooch and H. A. Tarry, Electron. Lett. 10,
2-4,1974; C. H. Gooch and H. A. Tarry, Appl. Phys., Vol. 8,
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1575-1584, 1975] are used, where, besides particularly
favourable electro-optical properties, such as, for example,
high steepness of the characteristic line and low angle depen-
dence of the contrast (German Patent 30 22 818), a lower
dielectric anisotropy 1s sullicient at the same threshold volt-
age as 1n an analogous display at the second minimum. This
ecnables significantly higher specific resistances to be
achieved using the mixtures according to the mvention at the
first mimimum than 1n the case of mixtures comprising cyano
compounds. Through a suitable choice of the individual com-
ponents and their proportions by weight, the person skilled in
the art 1s able to set the birelringence necessary for a pre-
specified layer thickness of the MLC display using simple
routine methods.

The flow viscosity v,, at 20° C. is preferably <60 mm=>-s~",

particularly preferably <50 mm~-s~". The rotational viscosity
v, of the mixtures according to the invention at 20° C. 1s
preferably <120 mPa-s, particularly preferably <100 mPa-s.
The nematic phase range 1s preferably at least 90°, particu-
larly preferably atleast 100°. This range preferably extends at
least from -20° to +80°.

Measurements of the capacity holding ratio (HR) [S. Mat-
sumoto et al., Liquid Crystals 5, 1320 (1989); K. Niwa et al.,

Proc. SID Conference, San Francisco, June 1984, p. 304
(1984); G. Weber et al., Liquid Crystals 5, 1381 (1989)] have

shown that mixtures according to the mvention comprising
compounds of the formula I exhibit a significantly smaller
decrease 1n the HR with increasing temperature than, for
example, analogous mixtures comprising cyanophenylcyclo-
hexanes of the formula

-0~

or esters of the formula

instead of the compounds of the formula I according to the
invention.

The UV stability of the mixtures according to the invention
1s also considerably better, 1.e. they exhibit a significantly
smaller decrease 1n the HR on exposure to UV,

The media according to the invention do preferably contain
only low amounts (=10 wt. %) of compounds comprising a
cyano group, very preferably no such compounds. The values
of the Holding Ratio of the media according to the present

invention are preferably >98%, very preferably >99% at 20°
C.

In liqud crystal display devices short switching times are
especially preferred, in particular when used 1n video and TV
applications. For these applications switching times (t,,,+t, )
below 25 ms are needed. The upper limait of the switching time
1s determined by the repeating rate of the picture.

In addition to the compounds of formula I, the medium
according to the invention preferably contains one or more
alkenyl compounds of formula II,
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wherein

A 1s 1,4-phenylene or trans-1,4-cyclohexylene,
aisOorl,
R” is an alkenyl group having from 2 to 9 carbon atoms, and

R* is an alkyl group having from 1 to 12 carbon atoms which
1s unsubstituted, monosubstituted by CN or CF; or at least
mono-substituted by halogen, wherein one or more CH,

groups are optionally, in each case independently of one
another, replaced by —O—, —S—,

—>—

—CH—CH—, —(—=(C— —CO—  —CF,0—,
—OCF,—, —(CO—0O—, —O0—CO— or —0O—CO—
O— 1n such a way that O atoms are not linked directly to
one another.

In the case a is 0 and A is cyclohexylene, R* is preferably
alkyl with 1-8 C atoms or alkenyl with 2-9 C atoms.

Preferred compounds of the formula II are selected of the
following formulae:

f@_@m
R3ﬂ /

00U
A /S

OO

Ila

IIb

RS-:I

Ilc
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-continued
Ih

~H>-0-0—

wherein

R>“ and R** are independently of each other H, CH,, C,H.
or n-C,H- and “alkyl” is a straight-chain alkyl group having
from 1 to 8 carbon atoms.

Especially preferred are compounds of formulae IIa and
[1f, in particular wherein R>* is H or CH,, and compounds of
formula IIc, in particular wherein R># and R** are H, CH, or
C,H..

Further preferred embodiments of the present invention are
indicated below:

The medium additionally contains one or more compounds

selected from the group containing of the general for-

mulae 111 to VII

AOHO-O-

1A%
Yl
- - F
YZ
v
VG Y!
\Y4 Y2
VI
V& Y!

VII
Yl
Y2

wherein the individual radicals have the following meanings:

R® is n-alkyl, alkoxy, oxaalkyl, fluoroalkyl or alkenyl, each
having up to 9 carbon atoms,
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X" is F, Cl, halogenated alkyl, halogenated alkenyl, haloge-
nated alkenyloxy or halogenated alkoxy having from 1 to 6
carbon atoms,

7°is —CH,— —(CH,),—, —CH=CH—, —CF—CF—,
—C,F,—, —CH,CF,—, —CF,CH,—, —CH,0—,
—OCH,—, —CO0—, —OCF,— or —CF,0—,

7’ is—C.H,— —(CH,),—, —CH—CH—, —CF—CF—,
—C,F,— —CH,CF,—, —CF,CH,—, —CH,O0—,
—OCH,—, —COO—, —OCF,— or —CF,O— or single
bond,

Y' to Y* are independently of one another H or F,

risOorl,

< B >7 iS _< H >_ )
e
X" in the above formulae is preferably F, Cl, CF,, CHF.,

OCF,, OCHF,, OCFHCF,, OCFHCHF,, OCFHCHF,,

OCF,CH,;, OCF,CHF,, OCF,CHF,, OCF,CF,CHF,,

OCF,CF,CHF,, OCFHCF,CF;, OCFHCEF,CHEF.,

OCF,CF,CF,, OCF,CF,CCIF,, OCCIFCF,CF; or

CH—CF,, most preterably F, Cl or OCF,.

is preferably
F, —<O>—OCF3,
/ | /
No e =
\
p
O O
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-continued

Q g W

I

O OCHF,, OCHF,,

F

O @ m

Cl

The compounds of formula III are preferably selected of

the following formulae,

o-o-d-

[Ila

[Ib

[Ilc

[11d

[1le

[T
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wherein X" and R have the meaning given above and X"
1s preferably F, Cl or OCF,.

The compounds of formula IV are preferably selected of
the following formulae,

IVa
F
IVb
/F
AL
F

IVc

; (
OO
OO

\F

IVe

/F
b
VI

e }CHECH%Q%XU

wherein X°, Y* and R have the meaning given above
and X" is preferably F or OCF . Especially preferred are
compounds of formula IVa, IVb, IVd and I'Ve.

The compounds of formula V are preferably selected of the
tollowing formulae

-0-0-Q-~

Va
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-0-0-0-

/ / )
~O-O-O~

/ / :
-0

/ / )
-O-Q-Q-

od—d-
OO
od—d-
Odof-

wherein X" and R” have the meaning given in formula I11
and X" is preferably F or OCF,. Especially preferred are
compounds of formula Vb and VT.

g

Vi
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The compounds of formula VI are preferably selected of
the following formulae,

e— s ) i
D0~

b I
b b

wherein X" and R” have the meaning given above and X"

1s preferably F or OCF,. Especially preferred are com-
pounds of formula Vla, VIb and Vlc.

The compounds of formula VII are preferably selected of
the formulae VIla and VIIb,

Vlla
/F
AL e )OO
Vilb

DO
\F

wherein X" and R” have the meaning given above and X"
1s preferably F or OCF,.



US 7,658,978 B2

13

The LC medium additionally contains one or more com-
pounds of the following formulae

ReSeSel
-0-0-0~
-0-D-0~
50O
OO0

wherein X" and R” have the meaning given above, and L
is H, F or Cl. X" is preferably F or Cl. In the compounds
of formula VIII, IX and X, preferably X" is Clor F and L
1s H or F. Very preferred are compounds of formulae
VIII, IX and X.

The medium additionally contains one or more compounds
selected of the following formulae

XTIV
Y3 Ve
O
Y4 V&
XV
VG vyl
O O
O
v V&
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-continued

XVI

F Y!
VG Y~

XVII

XVIII

-0

XIX

F Y|
Y Y2

XX
Yl
Y2
XXI
Y Y!
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XXIV

in which R”, X” and Y' ™ are each, independently of one
another, as defined in formulae IT1I-VII. X® is preferably
F, Cl, CF,, OCF, or OCHF,. R" is preferably alkyl,
oxaalkyl, fluoroalkyl or alkenyl, each having up to 6
carbon atoms. Especially preferred are compounds of
formula XIV, XXIII and XXIV, 1n particular wherein
Y ' *are F, and compounds of formula X V1, in particular
whereinY' ™ are F and Y~ is H.

The medium additionally contains one or more compounds
of the following formulae,

XXV

o ¥e Ye Y0 R

XXVI

OO

in which R and R® have independently of each other one
of the meanings of R* as defined in formula II, and L is
H or F. Especially preferred are compounds of formula

XXV inwhich L is F.

The medium additionally contains one or more alkenyl
compounds of the following formula

XXVII

Ll

A

wherein

R? is as defined in formula I,
Q 1s CF,, OCF,, CFH, OCF.

Y 1s F or Cl, and

H or a single bond,

L' and L* are independently of each other H or F.

Especially preferred are compounds of formula XXVII
wherein L' and/or L are F and Q-Y is F or OCF,.
Further preferred are compounds of formula XXVII

wherein R is Vinyl, 1.

H-alkenyl or 3.

H-alkenyl having 2

to 7, preferably 2, 3 or 4 carbon atoms.
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Very preferred are compounds of formula XXVIla

XXVlla

R Os0zes

wherein R*“ is H, CH,, C,H. or n-C,H., in particular H
or CH,.

The medium additionally contains one or more alkenyl
compounds of the following formula,

Q-0

wherein R”® and R* are as defined in formula Il and ris 1
or 2. L' and L* are each independently H or F.

Preferred compounds of the formula XXVIII are
~-O-O-
—~O—O—O—

Especially preferred are compounds of formula XXVIII
wherein R and R* are 1E-alkenyl or 3E-alkenyl having
2 to 7, preferably 2, 3 or 4 carbon atoms. Very preferred
are compounds of formula XXVIlla

XXVIII

XXVllla

XXVIIIb

XXVlIlla

v~ —~O—O—»

wherein R>“ and “alkyl” are as defined in formula Ila,
and R>* preferably denotes H or CH,.

The medium additionally contains one or more compounds
selected of the following formulae,

-0
-

XXIX

XXX
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-continued
NXXI

--0-0-0-

in which R” and R® are as defined above.
The medium additionally contains one or more compounds
selected of the formulae D1 and D2

-G
\.

-0

2

wherein Y, Y2, X" and R’ are as defined in claim 3 or
claim 7 and Y' and Y* are H or F, preferably Y'=Y*=F

and X® is preferably F.
The medium additionally contains one or more compounds
selected of the formulae Q1 and Q2

Q1

I

-0-0O—Q-

F F vl
F Y2

wherein Y', X°, Y* and R° are as defined in claim 3 or
claim 7.Y"' andY* are H or F, preferably Y'=Y*=F and
X" is preferably F.

The medium contains one or more compounds selected
from the formulae II, I1I, IV, V, VI, VII, IX, X, XIV, XVI,
XXIV, XXV, XXVI and XXVII;

R® is straight-chain alkyl or alkenyl having from 2 to 7
carbon atoms;

The medium contains from 1 to 4, preferably 1 or 2 com-
pounds of formula I, most preferably of formula I1;

The medium contains from 1 to 6, preferably 1, 2, 3 or 4
compounds of formula II, most preferably of formula II
and/or Ilc;
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The proportion of compounds of the formula I i the
medium 1s 1-15%, very preferably 1-8% by weight
based on the total mixture;

The proportion of compounds of the formula II in the
medium 1s 20-70%, very preferably 30-60% by weight
based on the total mixture;

The medium contains 15 to 50%, preferably 20 to 40% by
welght of one or more compounds of formula Ila, 1n
particular wherein R>“ is H based on the total mixture;

The proportion of compounds of the formula III in the
medium 1s 5-40%, very preferably 10-25% by weight
based on the total mixture;

The proportion of compounds of the formula IV i the
medium 1s 5-35%, very preferably 10-25% by weight
based on the total mixture;

The proportion of compounds of the formula V 1n the
medium 15 4-35%, very preferably 3-25% by weight
based on the total mixture;

The proportion of compounds of the formula VI 1n the
medium 1s 5-30%, very preferably 5-25% by weight
based on the total mixture;

The proportion of compounds of the formula IX in the
medium 1s 2-20%, very preferably 2-10% by weight
based on the total mixture;

The proportion of compounds of the formula XIV 1n the
medium 1s 1-10%, very preferably 1-8% by weight
based on the total mixture;

The proportion of compounds of the formula XXV 1n the
medium 15 2-20%, very preferably 1-15% by weight
based on the total mixture;

The proportion of compounds of the formula XXVII 1n the
medium 1s 2-30%, very preferably 3-25% by weight
based on the total mixture;

The medium essentially consists of compounds selected

from the group consisting of the general formulae I, 11
and III to XXXI.

The term “alkyl” covers straight-chain and branched alkyl
groups having 1-7 carbon atoms, in particular the straight-
chain groups methyl, ethyl, propyl, butyl, pentyl, hexyl and
heptyl. Groups having 2-5 carbon atoms are generally pre-
terred.

The term “‘alkenyl” covers straight-chain and branched
alkenyl groups having 2-7 carbon atoms, in particular the
straight-chain groups. Particular alkenyl groups are C,-C--
1E-alkenyl, C,-C.-3E-alkenyl, C.-C,-4-alkenyl, C.-C.-5-
alkenyl and C.-6-alkenyl, in particular C,-C,-1E-alkenyl,
C,-C,-3E-alkenyl and C.-C,-4-alkenyl. Examples of pre-
terred alkenyl groups are vinyl, 1E-propenyl, 1E-butenyl,
1 E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pente-
nyl, 3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl,
4E-hexenyl, 47-heptenyl, 5-hexenyl, 6-heptenyl and the like.
Groups having up to 5 carbon atoms are generally preferred.

The term “fluoroalkyl” preferably covers straight-chain
groups having a terminal fluorine, 1.e. fluoromethyl, 2-fluo-
roethyl, 3-fluoropropyl, 4-fluoro-butyl, 35-tfluoropentyl,
6-fluorohexyl and 7-fluoroheptyl. However, other positions
ol the fluorine are not excluded.

The term “oxaalkyl” preferably covers straight-chain radi-
cals of the formula C H, . ,—O—(CH,), ,in whichnand m
are each, independently of one another, from 1 to 6. n 1s
preferably =1 and m 1s preferably from 1 to 6.

It has been found that even a relatively small proportion of
compounds of the formula I mixed with conventional liquid-
crystal matenals, but 1n particular with one or more com-
pounds of the formulae II, 111, IV, V, VI and/or VII, results in
a significant lowering of the threshold voltage and in low
birelringence values, with broad nematic phases with low
smectic-nematic transition temperatures being observed at
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the same time, improving the shelflife. The compounds of the
tformulae I-XVIII are colourless, stable and readily miscible
with one another and with other liquid-crystalline matenals.
Furthermore, the mixtures according to the invention are
distinguished by high clearing points and at the same time
very low values for the rotational viscosity v, .

Through a suitable choice of the meanings of R” and X",
the addressing times, the threshold voltage, the steepness of
the transmission characteristic lines, etc., can be modified in
the desired manner. For example 1 H-alkenyl radicals,
3E-alkenyl radicals, 2E-alkenyloxy radicals and the like gen-
erally result 1n Sherter addressing times, improved nematic
tendencies and a higher ratio of the elastic constants Kk,
(bend) and k,, (splay) compared with alkyl or alkoxy rad:-
cals. 4-alkenyl radicals, 3-alkenyl radicals and the like gen-
crally give lower threshold voltages and smaller values of
k,5/k,; compared with alkyl and alkoxy radicals.

A —CH,CH,— group generally results in higher values of
k,5/k,; compared with a single covalent bond. Higher values
of k45/k, , facilitate, for example, tlatter transmission charac-
teristic lines 1n TN cells with a 90°twist (1n order to achieve
grey shades) and steeper transmission characteristic lines 1n
STN, SBE and OMI cells (greater multiplexability), and vice
versa.

The optimum mixing ratio of the compounds of the formu-
lae I-XXXI depends substantially on the desired properties,
on the choice of the components of the formulae I-XXXI, and
the choice of any other components that may be present.
Suitable mixing ratios within the range given above can easily
be determined from case to case.

The total amount of compounds of the formulae I-XXXI in
the mixtures according to the invention 1s not crucial. The
mixtures can therefore comprise one or more further compo-
nents for the purposes of optimising various properties. How-
ever, the observed effect on the addressing times and the
threshold voltage 1s generally greater, the higher the total
concentration of compounds of the formulae I-XXXI.

In a particularly preferred embodiment, the media accord-

ing to the ivention comprise compounds of the formulae I11
to VII in which X" is F, OCF,, OCHF., OCH—CFZ,,

OCF—CF, or OCF,—CF,H. A favourable synerglstlc elfect
with the eempeunds of the formula I results in particularly
advantageous properties. In particular, mixtures comprising
compounds of the formula I and of the formula III-VII, espe-
cially IV and VI, are distinguished by their low threshold
voltages.

Liquid crystal media according to the present invention
comprising compounds of formula I and further comprising

Code for R1*,
R, L1*, L2%, L2*

nm
nOm
nOe*m

n

nNeL
nNeLbekb
nk

nCl

nOr
nkekb
nkelek
nmkl
nOCF;
nOCFEF;*F
n-vm
nv-vm
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one or more compounds of formulae II-XVIII are character-
1zed by low values of the rotational viscosity, high birefrin-
gence, good LTS and show fast response times. They are
particularly suitable for TV, video and monitor applications.

The mndividual compounds of the formulae I-XXXI and
their sub-formulae, which can be used 1n the media according
to the mvention, are either known or they can be prepared
analogously to the known compounds.

The construction of the MLC display according to the
invention from polarisers, electrode base plates and surface-
treated electrodes corresponds to the conventional construc-
tion for displays of this type. The term “conventional con-
struction” 1s broadly drawn here and also covers all
derivatives and modifications of the MLC display, 1n particu-
lar including matrix display elements based on poly-S1 TFT

or MIM.

A significant difference between the displays according to
the mvention and the conventional displays based on the
twisted nematic cell consists, however, 1in the choice of the
liquid-crystal parameters of the liquid-crystal layer.

The liqud-crystal mixtures, which can be used 1n accor-
dance with the invention, are prepared 1n a manner conven-
tional per se. In general, the desired amount of the compo-
nents used 1n the lesser amount 1s dissolved in the components
making up the principal constituent, advantageously at
clevated temperature. It is also possible to mix solutions of the
components in an organic solvent, for example 1n acetone,
chloroform or methanol, and to remove the solvent again, for
example by distillation, after thorough mixing.

The dielectrics may also comprise further additives known
to the person skilled 1n the art and described 1n the literature.
For example, 0-15% of pleochroic dyes, stabilizers, antioxi-
dants, nanoparticles, microparticles or chiral dopants can be

added. Suitable dopants and stabilizers are shown 1n tables C
and D below.

In the present application and in the examples below, the
structures of the liqud-crystal compounds are indicated by
means of acronyms, the trans-formation into chemical formu-
lae taking place in accordance with Tables A and B below. All
radicals C_ H,, , and C_H, . are straight-chain alkyl radi-
cals having n and m carbon atoms respectively; n and m are
preferably 0, 1, 2, 3, 4, 5, 6 or 7. The coding 1n Table B 1s
self-evident. In Table A, only the acronym for the parent
structure 1s indicated. In individual cases, the acronym for the
parent structure 1s followed, separated by a dash, by a code for

the substituents R*, R*, .} and [~.
R'* R2* [le 2%
O D O - H H
OC, Hopii O H H
CHH2}I+1 OCmH2m+l H H
C,H>, . CN H H
C,H>, .4 CN F H
C, H, CN F b
C,H>,. 4 b H H
C,H>, .4 Cl H H
OC, H, ., I3 H H
C,H>, .4 I3 Iy H
C,H>, .4 I3 Iy I3
CHH2}I+1 C H2m+l F H
C H, ., OCF, H H
CH, ., OCF, F H
C.H, _CH—CH-CH, .. H H
C H,,.,—CH—CH CH—CH—C H, H H
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Preferred mixture components of the mixture concept
according to the mnvention are given 1n Tables A and B.

TABLE A
L1
N
N
T 2%
PYP
L=

PYRP

BCH

- OO~

—O--O
\Lag

CCP
I1s
Rl*4<:>—©7(j=c R 2%
L2

CPTP
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TABLE A-continued

/o
R1$4<1%C2m—<o>7c=c4©2—;{2$

CEPTP
Ll:&:
Rl$—< H >—< H %Cgl‘h‘@?i}?}*
L
ECCP
Lhs
Rm——{<:H>}——Cﬁh——{<:::>y——<<::j>k—ﬂﬁ*
%
CECP
Ll:i:
R1$4<E%C2H44<Q>7R2$
\ L
EPCH

L1
L2
PCH

O

PTP

CCPC
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TABLE A-continued

Ao )

CP
LI
R 1# 4< H }C2H4_©>_©§7 R 2%
L%
BECH

e Hoyczﬁo%m
AN e We .

FFFFFF
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TABLE A-continued

F F
CFU
TABLE B
F
O
CHHM14<7 >—< H %Con F
F
ACQU-n-F

CHH2H+1—<7 Q Q CF204<©§7F
\

APUQU-n-F
BCH-n.Fm
F
F F
CFU-n-F
CBC-nmF

CHHZH-H w CZI_LI- 4<O>7 CmH2m+ 1

ECCP-nm

28
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TABLE B-continued

e ycﬂo}

CCZU-n-F
F
C,Ho>, +14<©\ / \ QCmHZM+I
PGP-n-m
F F
C:H:[_:[ZH_'_l_< H >_<©§_©§7F
F
CGU-n-F
F
\
0
F
CDU-n-F
F
0
CHH2H+1—<: >—< i s
0
F
DCU-n-F
F F
C:H:[_:[ZH_Fl_< H >_<©§_<©§7F
CGG-n-F
/F
CHH2H+14< Hq >—<O>—COOA<O>—OCF3
CPZG-n-OT

J @_@_\_
C,Hoprg ConHopr

CC-nV-Vm
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TABLE B-continued

CCP-Vn-m
b
/_<E>_< i >_@§7F
CCG-V-F
// / H H O CrnHom+
CHH2H+1
CCP-nV-m
CC-n-V
I3
CHH2H+14< H >—< H %CFZO F
F
CCQU-n-F
CHH2H+1 H H \
CmH2m+l
CC-n-Vm
CHH2H+1 CmH2m+l
CPPC-nV-Vm
I3
CHH2H+1_< H >—®CF20—©7F
CCQG-n-F

F

4

e W

\

b

CQU-n-F

32
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TABLE B-continued

b
CrH2u+ 1
I
b
Dec-U-n-F
/F
CHH2H+1—< H %CZF4—< H >—<O>7F
\F
CWCU-n-F
/F
DO~
CPGP-n-m
/F
DO
CWCG-n-F
CHH2H+14< H >—< H %CH204< H %CMHQM-H
CCOC-n-m
b

P

e IO

CPITU-n-F

I3 b

GPTU-n-F

34
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TABLE B-continued

F
cﬂHzﬂﬂ—@fcmA@ng
F

PQU-n-F
b I3
C,Ho,+ 14<<:>>_<©§7 CEF,O 4@§7 I3
b F
PUQU-n-I
/ /
CHH2H+14<O>_<O>_Q_ b
F
PGU-n-F
F
CHH2H+1_< H >—<©§7 COO _<O>7 OCL3
CGZP-n-O7T
/F I3
F
CCGU-n-F
I3
CCQG-n-F
I3 F

Cllaps 1—< 3 CF,0 O F

CUQU-n-F

36
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TABLE B-continued

e ——
YA
\F

CCCQU-n-F
H
—/ /\:>_\_< 1 >_<<>>7 OCF;
CVCP-1V-OT
I F
GGP-n-Cl
C,H, +1J \_>_<_>_\_CmH2m+l
PP-nV-Vm
H3C —<O>—<Q>7 CHay
_\_ CrnHopt
PP-1-nVm
F
/
CHH2H+14< H % C,Hy 4< H % CF,O @2— I3
F
CWCQU-n-F
F b
/
CHH2H+14©>—<O>—<O F
F
PPGU-n-F

~—~O-0-Q~-O-

PGUQU-n-F
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TABLE B-continued

GPQU-n-F
N
N
MPP-n-F
TABLE C

Table C shows possible dopants that are optionally added to the compounds
according to the mnvention, preferably in proportions of from
0.1 to 10 wt.- %, very preferably from 0.1 to 6 wt.- %.

R

C,Hs— CH—CH,0 CN
CH,
C 15
——O—O-
C,H;—CH—CH, CN
CH;
CB 15

]

W
O )

CH;
CM 21
b
C3Hj H H CHZ_CH_C2H5
CH,
CM 44
O
C5H114<O>_<O>_<
*
O_TH_<O>
CyHs
CM 45
O
H
O_TH@>
C,Hs

CM 47

40
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TABLE C-continued

Table C shows possible dopants that are optionally added to the compounds
according to the invention, preferably in proportions of from

0.1 to 10 wt.- %, very preferably from 0.1 to 6 wt.- %.

0
C5H1304<O>—< O
O
: O— CH—C¢H3

CH,
R/S-811
H;C,, CHa
HsC
CHa
HsC H
O : :
CeHy7 4{ \H g
o
CN

/ CH,

|
C3H?4< I >—< 8| O OCH—CgHy3

R/S5-2011

C;H-

R/8-3011
F
/ (‘3H3
F
R/S-4011

N/
/

O

) Q
OO

R/S5-5011

42
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TABLE C-continued

Table C shows possible dopants that are optionally added to the compounds
according to the mnvention, preferably in proportions of from

0.1 to 10 wt.- %, very preferably from 0.1 to 6 wt.- %.

CsHy, H >—<O>7COO—CH2—CH—OOC H
*

R/5-1011

TABLE D

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

\
HO;@%@\%Q}OH
\
HO p S @2:0}1

CHHZH-H H Q OH

CsHyy

44
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TABLE D-continued

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %
by weight based on the final mixture.

CrHopr O OH

(n=1,2,3,4.5,7.9)
%@)H
H;C A@H

H,5C; O OH

S

CHH2H+1O—<%:OH

9_




US 7,658,978 B2
47

TABLE D-continued

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

(Do

Hg?clg—coo—czm—©>— OH

Ho\_>V E\O}
\ /
A

O X
O O

48
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H D-continued

Table D shows possible stabilisers that are optionally added to the

mixtures according to the invention, preferably in amounts of 0.001

to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

(

HO

>
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H D-continued

Table D shows possible stabilisers that are optionally added to the

mixtures according to the invention, preferably in amounts of 0.001

to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

OH

/

\

52
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TABLE D-continued

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %
by weight based on the final mixture.

Z—Z

.
HO N~ N

1
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TABLE D-continued

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

OH
N—
N/ P Cl
N

W,

HO
N
= — \N / \
N '---..N/ o
/ N\
HO
/ ..--"'N\N
NS
= T 0
X \N’#N ‘ NN O/
HO /
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TABLE D-continued

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

NT XN OH
OH
O
/\/\j)

NN

a

X

N \N OH

‘ P

N

)\@ §

O

/\/\)O

/\/\/

58
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TABLE D-continued

60

Table D shows possible stabilisers that are optionally added to the
mixtures according to the invention, preferably in amounts of 0.001
to 8 wt.- %, especially preferred in amounts of 0.05 to 5 wt.- %

by weight based on the final mixture.

Besides one or more compounds of the formula I, particu-
larly preferred mixtures comprise one, two, three, four, five or
more compounds from Table B.

It will be appreciated that variations to the foregoing
embodiments of the imnvention can be made while still falling
within the scope of the invention. Each feature disclosed in
this specification, unless stated otherwise, may bereplaced by
alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed
1s one example only of a generic series of equivalent or similar
features.

All of the features disclosed 1n this specification may be
combined 1n any combination, except combinations where at
least some of such features and/or steps are mutually exclu-
stve. In particular, the preferred features of the mnvention are
applicable to all aspects of the invention and may be used 1n
any combination. Likewise, features described 1n non-essen-
t1al combinations may be used separately (not in combina-
tion).

It will be appreciated that many of the features described
above, particularly of the preferred embodiments, are mven-
tive 1n their own right and not just as part of an embodiment of
the present invention. Independent protection may be sought
for these features 1n addition to or alternative to any invention
presently claimed.

The mvention will now be described in more detail by
reference to the following examples, which are illustrative
only and do not limit the scope of the invention.

Unless stated otherwise, percentages are percent by
weight. All temperatures are given 1n degrees Celsius. m.p.
denotes melting point, cl.p.=clearing point. Furthermore,
C=crystalline state, N=nematic phase, S=smectic phase and
[=1sotropic phase. The data between these symbols represent
the transition temperatures. An denotes the optical anisotropy
and n_ the ordinary refractive mndex (589 nm, 20° C.). The
flow viscosity v,, (mm®/sec) and the rotational viscosity vy,
[mPa-s] were each determined at 20° C. V,, denotes the
voltage for 10% transmission (viewing angle perpendicular to
the plate surface). t,,, denotes the switch-on time and t_. the
switch-oil time at an operating voltage corresponding to 2
times the value of V,,. A€ denotes the dielectric anisotropy
(Ae=€||-&1, where €|| denotes the dielectric constant paral-
lel to the longitudinal molecular axes and €1 denotes the
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dielectric constant perpendicular thereto). The electro-optical
data were measured in a TN cell at the 1st minimum (1.e. at a

d-An value of 0.5 um) at 20° C., unless expressly stated
otherwise. The optical data were measured at 20° C., unless
expressly stated otherwise.

Throughout this application, unless explicitly stated other-
wise, all concentrations are given 1n mass percent and relate to
the respective complete mixture, all temperatures are given in
degrees centigrade (Celsius) and all differences of tempera-
tures 1n degrees centigrade. All physical properties are deter-
mined according to “Merck Liquid Crystals, Physical Prop-
erties of Liquid Crystals”, Status November 1997, Merck
KGaA, Germany and are given for a temperature of 20° C.,
unless explicitly stated otherwise. The optical anisotropy
(An) 1s determined at a wavelength of 589.3 nm. The dielec-
tric anisotropy (AE€) 1s determined at a frequency of 1 kHz.
The threshold voltages, as well as all other electro-optical
properties are determined with test cells prepared at Merck
KGaA, Germany. The test cells for the determination of A&
have a cell gap of approximately 20 um. The electrode 1s a
circular ITO electrode with an area of 1.13 ¢cm? and a guard
ring. The orientation layers are lecithin for homeotropic ori-
entation (€||) and polyimide AIL-1054 from Japan Synthetic
Rubber for homogeneous orientation (€.1). The capacities
are determined with a frequency response analyser Solatron
1260 using a sine wave with a voltage o1 0.3V _ . The light
used 1n the electro-optical measurements 1s white light. The
set up used 1s commercially available equipment of Otsuka,
Japan. The characteristic voltages are determined under per-
pendicular observation. The threshold (V,,)—mid grey
(V.o)—and saturation (V,,) voltages are determined for
10%, 50% and 90% relative contrast, respectively.

COMPARISON EXAMPLE 1

GGP-3-Cl 4.50%
CCP—2FebeF 0.00%
CCP—3FebekF 10.00%
PGU-2-F 4.00%
PGU-3-F 4.00%
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-continued

PUQU-2-F
PUQU-3-F
CCQU-3-F
CCQU-5-F
CC-3-V1

CC-3-V

PCH-301

CBC-33

CBC-53

Clearing point [° C.]:
An [589 nm, 20° C.]:
Ae [1 kHz, 20° C.]:
Vio [V, 20° C.]:

Y, [mPa-s, 20° C.]:

EXAMPL.

L1l

5.00%
5.00%
8.00%
8.00%
8.00%
30.00%
1.50%
3.00%
3.00%
73.5
0.0948
7.9
1.44
72

US 7,658,978 B2
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The 4-ring alkyl compounds CBC-nm 1n the mixture of 5

comparison example 1 are replaced by the 4-ring alkenyl
compound CPPC-V-V of formula I according to the present
invention. The rotational viscosity of the resulting mixture 1s
5% lower than 1n the mixture of comparison example 1, whilst
the clearing temperature can be maintained:

GGP-3-Cl
CCP—2FeL*F
CCP—3FeF*F
PGU-2-F

PGU-3-F
PUQU-2-F
PUQU-3-F
CCQU-3-F
CCQU-5-F
CCP—V-1

CC-3-V1

CC-3-V

PCH-301
CPPC—V—V
Clearing point [° C.]:
An [589 nm, 20° C.]:
Ae [1 kHz, 20° C.]:
Vio [V, 20° C.]:

Y, [mPa-s, 20° C.]:

EXAMPL!

(Ll

4.50%
0.00%
10.00%
4.00%
4.00%
5.00%
5.00%
8.00%
8.00%
4.00%
8.00%
28.00%
1.50%
4.00%
73.0
0.0955
8.0
1.42
69
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The 4-ring alkyl compounds CBC-nm 1n the mixture of

comparison example 1 are replaced by the 4-ring alkenyl

50

compound CPPC-V-V of formula I according to the present
invention. The rotational viscosity of the resulting mixture 1s
5% lower than 1n the mixture of comparison example 1, whilst
the clearing temperature can be maintained:

GGP-3-Cl
CCP—2F*FsF
CCP—3F*FsF
PGU-2-F
PGU-3-F
PUQU-2-F
PUQU-3-F
CCQU-3-F
CCQU-5-F
CCP—V-1
CC-3-V1
CC-3-V

4.50%
6.00%
9.00%
4.00%
4.00%
5.00%
5.00%
8.00%
8.00%
2.00%
9.00%
29.00%
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-continued

PCH-301
CPPC—V—V
Clearing point [° C.]:
An [589 nm, 20° C.]:
Ae [1 kHz, 20° C.]:
Vio [V, 20° C.]:

Y, [mPa-s, 20° C.]:

COMPARISON |

CCP—20CF;
CCP—30CF;
PGU-3-F
PUQU-3-F

CC-3-V1

CC-3-V

CCP—V-1
CCGU-3-F
PP-1-2V1

CBC-33

CBC-53

Clearing point [° C.]:
An [589 nm, 20° C.]:
Ae [1 kHz, 20° C.]:
Vi [V, 20° C.]:

Y, [mPa-s, 20° C.]:

L XAMPL

EXAMPLE 3

1.50%

5.00%
73.0

0.0958

7.8

1.43
67

3.00%
4.00%
10.00%
10.00%
13.00%
32.00%
10.00%
2.00%
10.00%
3.00%
3.00%
75.5
0.1075
4.8
2.03
5%

The 4-ring alkyl compounds CBC-nm 1n the mixture of
comparison example 2 are replaced by the 4-ring alkenyl
compound CPPC-V-V of formula I according to the present
invention. The rotational viscosity of the resulting mixture 1s
4% lower than 1in the mixture of comparison example 2, whilst
the clearing temperature can almost be maintained:

CCP—20CF; 3.00%
CCP—30CF; 4.00%
PGU-3-F 10.00%
PUQU-3-F 10.00%
CC-3-V1 12.00%
CC-3-V 31.00%
CCP—V-1 14.00%
CCGU-3-F 2.00%
PP-1-2V1 10.00%
CPPC—V—V 4.00%
Clearing pomnt [° C.]: 74.5
An [589 nm, 20° C.]: 0.1077
Ae [1 kHz, 20° C.]: 4.8
Vio [V, 20° C.]: 2.01
¥, [mPa-s, 20° C.]: 54

The invention claimed 1s:

1. Liquid crystalline medium contains one or more com-
pounds of formula I,

(OO
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wherein

R' and R” are independently of one another an alkenyl or
alkenyloxy group having from 2 to 9 carbon atoms.

2. Medium according to claim 1, characterized in that 1t
contains additionally one or more compounds of formula 11,

/ Q‘

A 1s 1.4-phenylene or trans-1,4-cyclohexylene,

11

wherein

aisOorl,
R is an alkenyl group having from 2 to 9 carbon atoms, and

R* is an alkyl group having from 1 to 12 carbon atoms
which 1s unsubstituted, monosubstituted by CN or CF,
or at least mono-substituted by halogen, wherein one or
more CH,, groups are optionally, in each case indepen-
dently of one another, replaced by —O—, —S—,

-

—CH—CH—, —(=(C— —(C0O0—, —CF,O0—,
—OCF,—, —(CO—0—, —O0—CO—or —O—CO—
O— 1n such a way that O atoms are not linked directly to
one another.

3. Medium according to claim 1, characterized in that 1t
additionally contains one or more compounds selected from
the group consisting of the general formulae II1, IV, V, VI and

VII

[11
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-continued
VI
Y? Y
_ - /
OG-
| T\, \,
Y Y
VII

Yl
Y2

wherein the individual radicals have the following mean-
Ings:

R® is n-alkyl, alkoxy, oxaalkyl, fluoroalkyl or alkeny], alk-
enyloxy, each having up to 9 carbon atoms,

X" is F, Cl, halogenated alkyl, halogenated alkenyl, halo-
genated alkenyloxy or halogenated alkoxy having from
1 to 6 carbon atoms,

7° i —CH,, —(CH),—, —CH=CH .
~ CF—CF—, C,F,—, CHCF,, CF,CH,
~ CH,0—, —OCH, , —COO—, —OCF,— or
~ CF,0—,

7 i —CH,, —(CH),—, —CH=CH .
~ CF—CF—, C,F,—, CH,CF,—, CF,CH,
~ CH,0, —OCH,, —COO—, —OCF, .

—CF,O— or single bond

Y' to Y* are independently of one another H or F,
ris0Oor 1, and

O~
o

4. Medium according to claim 1, characterized in that it

additionally contains one or more compounds of the follow-
ing formula

b b L

-O-0-0~

wherein

R® is n-alkyl, alkoxy, oxaalkyl, fluoroalkyl or alkeny], alk-

enyloxy, each having up to 9 carbon atoms, and

X" is F, Cl, halogenated alkyl, halogenated alkenyl, halo-

genated alkenyloxy or halogenated alkoxy having from
1 to 6 carbon atoms,

and L 1s H or F.
5. Medium according to claim 1, characterized in that it

additionally contains one or more compounds selected from
the following formula,
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b /Yl
~(O-O-O-Q
N\,

wherein
R® is n-alkyl, alkoxy, oxaalkyl, fluoroalkyl or alkenyl, alk-
enyloxy, each having up to 9 carbon atoms, and
X" is F, Cl, halogenated alkyl, halogenated alkenyl, halo-
genated alkenyloxy or halogenated alkoxy having from
1 to 6 carbon atoms and
Y' to Y" are independently of one another H or F.
6. Medium according to claim 1, characterized in that 1t
additionally contains one or more compounds selected from
the following formula

XXVIII

wherein

R is an alkenyl group having from 2 to 9 carbon atoms, and

R* is an alkyl group having from 1 to 12 carbon atoms
which 1s unsubstituted, monosubstituted by CN or CF,
or at least monosubstituted by halogen, wherein one or
more CH,, groups are optionally, in each case indepen-
dently of one another, replaced by —O—, —S—,

— >
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—CH=CH—, —(C=C—, —CO—, —CF,0—,
—OCF,—, —CO—0—, —0—CO— or —O—CO—

O— 1n such a way that O atoms are not linked directly to
one another,

ris 1 or 2,

L' and L* are each independently H or F.

7. Medium according to claim 1, characterized in that it
additionally contains one or more compounds selected from
the following formula

<O~

wherein R and R° are independently one of an alkyl group
having from 1 to 12 carbon atoms which 1s unsubsti-
tuted, monosubstituted by CN or CF, or at least mono-
substituted by halogen, wherein one or more CH, groups
are optionally, mn each case independently of one
another, replaced by —O—, —S—,

—>—

—CH=—CH—, —C=(C— —(CO— —CF,0—,
—OCF,—, —CO—0O—, —0—CO—or—0—CO—
O— 1n such a way that O atoms are not linked directly to
one another.

XXIX

8. Medium according to claim 1, characterized 1n that the
proportion of compounds of formula I 1n the medium 1s
1-15% by weight based on the total mixture.

9. Method of using a liquid crystal medium according to
claim 1 comprising employing said liquid crystal medium 1n
an electro-optical liquid crystal display.

10. Electro-optical liquid crystal display containing a lig-
uid crystal medium according to claim 1.
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